The high mortality riate and the increasing frequency of reports of infection with Malleomyces pseudomallei (Alain et al., 1949; Beamer et al., 1954;  Garry and Koch; 1951; Grant and Barwell, 1943; Gutner and Fisher, 1948; de Lajudie and Brygoo, 1953;  Lewis and Olds, 1952; Mirick et al., 1946; Ziskind et al., 1954) have emphasized the timeliness of additional studies on the experimental infection in laboratory animals.
In earlier studies on the susceptibility of smaller animals to experimental infection, large numbers of this organism, usually in the millions, were used as inoculum but the relative susceptibility of the various species was not evaluated (Whitmore, 1912 (Whitmore, , 1913 Fletcher, 1924, 1932; Nicholls, 1930; de Lajudie and Brygoo, 1953) .
In view of the incompleteness of the information on virulence, Miller et al. (1948) investigated quantitatively the virulence of this organism for various species by several routes of inoculation. They found that guinea pigs, contrary to previous reports, were not uniformly susceptible since some were killed when approximately 400 organisms were inoculated while others survived very large doses with no evidence of infection. Hamsters and ferrets, on the other hand, could be regularly killed with very few organisms. Mice and white rats were reported to be only slightly and irregularly susceptible to their most virulent strain. From 2 to 30 million organisms, inoculated intraperitoneally, were required to produce 30 to 70 per cent mortality in these species.
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The opinions contained in this report are not to be construed as reflecting the views of the Navy Department or the Naval Service at large. (Article 1252 U. S. Navy Regulations, 1948.) Reproduction in whole or in part is permitted for any purpose of the United States Government. on epidemiology, assay of therapeutic agents, and immunizing procedures, etc., are its genetic standardization (in the interest of more uniform response). availability, ease, and economy of handling. Attention was therefore directed toward enhancement of the virulence of M. pseudomallei for white mice in spite of the report of Miller et al. (1948) that this species was "relatively resistant" by the intraperitoneal route.
MATERIALS AND METHODS
The following three strains of Malleomyces pseudomallei were used in these studies: strain 103 Albino mice (Namru strain, Garber and Hauth, 1950) and golden hamsters were used as experimental animals. The mice were 3 to 4 weeks old for intracerebral (ic) inoculation and 3 to 6 weeks old for intraperitoneal (ip) and oral inoculation. Hamsters, 6 to 8 weeks old, were used for inoculation by all routes. Only females of both species were used to avoid the possibility of ulcerative orchitis.
Broth cultures were used to initiate serial passages, while diluted infective tissue suspensions from moribund mice, selected from the group which had been inoculated with the highest dilution, were used for all subsequent passages.
Volume rather than weight was used as the basis for preparing the infected tissue suspension. After the volume of the tissue had been determined (by liquid displacement), the tissue (brain, spleen or liver fragments) was ground with mortar and pestle without abrasive. Ten per cent suspensions were made by adding 9 volumes of 1 per cent peptone solution to 1 volume of tissue.
The number of viable organsims in all suspensions was determined prior to inoculation, using slight modifications of the method described by NMiles and Misra (1938) , and expressed as organisms per ml of original tissue or culture. In ordcer to minimize the transfer of mutants which may have developed either in vivo or in vitro, only the highest dilutions estimated to be infective were inoculated into groups of 5 to 8 unanesthetized animals.
The ic dose for both mice and hamsters was 0.03 ml and the ip dose either 0.2 or 0.5 ml. The oral dose was 0.5 ml. Virulence by the inhalatory route was determined by exposing animals to aerosols in the Leif-Krueger apparatus (Leif and Krueger, 1950 Goldberg et al. (1954) .
Broth cultures, made in 4 per cent glycerin beef extract broth (pH 6.9 i 0.1), were incubated at 37 C for 24 hr on a reciprocating shaker. Glass beads were added to broth cultures of the rough strains to minimize aggregation. The medium for slants and plates was 4 per cent glycerin beef extract agar (pH 6.9 + 0.1).
Since various factors were found to influence profoundly the colonial morphology of M. pseudomallei, careful attention was paid to the preparation, storage, inoculation, and incubation of plates. Petri plates, 100 mm in diameter, with plane-bottom surface were used exclusively and poured on a leveled surface so as to obtain uniform depth of agar, 15 to 20 ml per plate. The agar was cooled to approximately 48 C before it was poured and the plates were held at room temperature 5 to 7 days before use in order to obtain a dry surface. The plates were inoculated by the dally or drop method in order to obtain well isolated colonies, and incubated at 37 C for 3 days followed by 4 by the ip route, it still required about 104 organismis to kill mice by the oral route. This oral LD50 was of interest in connection with epidemiological considerations.
The initial virulence of this strain by the inhalatory route was not determined but the LD50 for mice exposed to an aerosol of a 24-hr broth culture inoculated with infected brain of the ninth ic passage was 4 X 104 inhaled organisms.
The inhalatory virulence had not increased by the sixteenth ic passage but had increased to <280 inhaled organisms after 20 ic passages followed by 26 passage. At the ninth ic passage, the virulence by the ip route had increased by 1 log and at the eighteenth ic passage by 2 log. Beginning with the eighteenth ic passage, subsequent passages were made by the ip route using infected liver and/or spleen as inoculum. The virulence continued to increase to <100 organisms per LD50 in the ninth ip passage, and remained at this level through the fifty-seventh and last passage.
The inhalatory virulence for mice increased from >20,000 organisms per LD50 for the initiating culture to <20 organisms after 17 ic passages followed by 18 ip passages, while that for hamsters increased only slightly from the initial high virulence of 57 organisms to 20. The number of viable organisms in brain, determined at each ic passage, and in spleen and liver after ip inoculation, ranged between 107 and 109 organisms per ml of tissue.
This isolate (103-1) also underwent a certain change in colonial morphology. Throughout the first 11 ic passages the colonies were all of the large lacy RY parent type. XVith 2 exceptions the colonies of all of the subsequent ic and ip passages were less rough, designated as intermediate RY (IRY), and no longer lacy. Within the designation of IRY were included colonies showing roughness ranging from a granular appearance to slight corrugation. That this difference in colonial morphology was not referable to slight differences in plating medium was evident from figure 21 which shows colonies of both the parent (large lacy RY) and mouse adapted (IRY) strains on the same plate. The IRY colonies of the first 23 ip passages were large, while those of all subsequent passages were definitely smaller, more like those in figure 19 .
The enhancement of virulence of the two RY isolates as described above suggested similar experiments with a smooth colorless isolate (103-3) derived fronm the same stock culture of strain 103. The results, which were very similar, are shown in table 3. After 13 serial ic passages, the virulence was enhanced to approximately 10 organisms/LD5o. The ip virulence at that point had also increased by 2 log, from 2 X 107 to 2 X 105 organisms. After 30 serial ip passages, both the ip and inhalatory virulence increased to <100 organisms and remained between 10 and 100 throughout the remainder of the 55 serial ip passages except for a short period when the viruience seemed to be temporarily lower. In this instance also, the initial high virulence for hamsters remained unchanged throughout the course of the mouse passages.
The number of viable organisms in brain after ic inoculation and in liver and spleen after ip inoculation ranged between 107 and 109 organisms per ml of tissue.
The colonial morphology of this isolate, unlike that of 103R and 103-1, remained unchanged, i. e., characteristically smooth and colorless like that of the original isolate, throughout the course of animal passages.
As the above studies were nearing completion, several additional strains of M. pseudomallei, recently isolated from human cases in Malaya, were made available to this laboratory. It was of interest to compare the virulence of these new strains before and after adaptation to mice with that of the several isolates of strain 103, which was an old laboratory stock culture of obscure history.
Two of these recently isolated strains (112 and 114) were chosen for study. While both were labelled "mucoid" upon receipt, most of the colonies of both strains were found to be smooth and colorless, although there were also a few I Animals were exposed to aerosols of cultures from the designated tissues and passages. The number refers to the inhaled dose. § SW, smooth white. within the bacterial population in vivo. Animal passages were made with minimal infective doses and wherever possible from animals which had been inoculated with the highest of the several serial dilutions used for passage. The organisms seemed to multiply very rapidly as virulence increased, since mice inoculated with 1 to 10 organisms regularly showed from 107 to 109 organisms per ml of the tissue used for transfer (brain, liver or spleen) within 5 to 7 days after inoculation. The reliability of arriving at the virulence by means of viable bacterial counts on suspensions of infected tissue was borne out repeatedly by the essentially identical virulence of broth cultures of the mouse-adapted strains. Serial passage through mice of the various strains and their increasing virulence for this host was not accompanied by any loss in virulence for hamsters. It should be mentioned that while nearly all of the strains tested were highly virulent for hamsters, an occasional isolate was encountered which could be considered avirulent, e. g., our strain 102-1, a rough isolate with an ip LD50 for hamsters of >5.5 X 107 organisms.
SUMMARY
The virulence of Malleomyces pseudomnallei could be quite readily enhanced for mice by serial passage with infected tissues to the point where 10 to 100 organisms would uniformly produce a rapidly fatal infection when inoculated intracerebrally, intraperitoneally or in the form of aerosols. The white mouse thus constitutes a highly desirable experimental animal for various types of assay if nmouse-adapted or suitable freshly isolated strains are used.
